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XXVI. An Account of a tmjl extraordinary "Degree of 
Cold at Glafgow in January lajl', together with fome 
new Experiments and Obfervations on the comparative 
temperature of Hoar-frojl and the Air near to it, made 
at the Macfarlane Obfervatory belonging to the College. 
In a Letter from Patrick Wilfon, M. A. to the Rev. 
Nevil Malkelyne, D. L\ F. R. S. and AJlronotmr 
RoyaL 



Read April ao, 1780. 

-b GVafgiw College 

S I ») Teb; »7, 1780. 

♦HpHE obfervations and experiments related in the 
-** fequel were made here during the great froft in 
the courfe of laft month. I mail be extremely happy if 
they contribute any thing to your entertainment, being 
induced to fend you the account in confequence of your 
having on a former occafion fo politely invited me to a 
further correfpondence. If the paper mall appear to 
Vol. LXX. O o o you 
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you deferving the notice of the Royal Society, you 

will pleafe to confider it as entirely at your own dif- 

pofal. 

Moft. part of the time my father was confined to his 
room with bad health, and could not therefore gratify 
his curiofity by taking a part in the obfervations. I have 
now the pleafure of acquainting you, that he is quite 
well again, and on this occafion he begs to be remem- 
bered to you with beft compliments. 

On Tuefday, Jan. nth, there was a flight frofl, and 
on the evening of that day we had a fall of fnow to the 
depth of twelve inches. Next day the cold continued to 
increafe, but fo gradually, that at fun-fet Fahrenheit's 
thermometer pointed only to 22'. Upon returning 
home to the College from a vifit about midnight, I hung 
out a very accurate thermometer at a high North win- 
dow, where it foon after pointed to 6°. At this time the 
air was very ftill and ferene, and the barometer flood at 
30 inches. 



Thurfday 
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Thurfday morning, Jan. 1 3, 
thermometer pointed to 



3 

4 

4t 

5 

5r 



1 o'clock. 



'}gr. 



+ 6 

+ 6 
+ 4 
+ 6 

+ 3 

+ a 

+ a 

o 



At 6 o'clock this morning 1 carried the thermometer 
over to the Obfervatory Park, and when it was there laid 
down upon the fnow the mercury funk to gr. 1 3 below 
o. Your friend Profeifor anderson foon after arriving, 
we repeated the obfervation with an excellent thermo- 
meter made by Mr. ramsden, and it agreed exactly with 
the other. 



At this time we thought it unnecerTary to ftay abroad 
fo long in the cold as to try the temperature of the air by 
hanging up the thermometers, efpecially as we imagined 
that this had been done more readily, and as truly, by tak- 
ing the degree from the furface of the fnow which had been 

O o o a expofed 
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expofed to the open air during the night ; but upon re* 
fleeting afterwards on the fnow at the Obfervatory being 
fo much below o, the greateft cold of the air at the Col- 
lege, and having on other occa&ns found a difference of 
only 4 at moft: in air at thefe two ftations, I was led into 
a fufpicion that the fnow might perhaps have been fo far- 
cooled down by an evaporation at the furface.. With a 
view to this opinion I projected the experiment with the 
bellows defcribed below, by which I was not without 
expectations of producing a flail more remarkable fall of. 
the thermometer when lying on the fnow. Before din- 
ner this day I met with Dr-iaviNJe, to whom I commu- 
nicated the above obfervations, and the intention of try- 
ing the evaporations for that fnow and ice did actually 
evaporate in fbme circum-ftances feemed Efficiently 
proved by an experiment made here by my father in 
1 768, which is related in the PhilofophicalTranfac~tions, 
vol. lxi. p. 336.. Dr. irvinje approved much of the 
propofal, and moft obligingly agreed to fpend the 
night at the Obfervatory, that we might, by a regular 
courfe of obfervations, afeertain the difference of tem- 
perature^ and try whether evaporation was really the 
caufeofit. 



All 
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All the afternoon the cold was very intenfe, and at 
iieven o'clock at night the thermometer at the high 
North window pointed to gr. o. At eight Dr. irvine 
and I repaired to the Obfervatory, and made choice of 
a ftation at a fufficient diftance from the houfe, and to 
the windward^ as a light air was felt coming from the 
Eaft. Here we laid down two thermometers on the 
fnow with their balls half immerfed, and hung up 
other two freely expofed to the air at two feet and a 
half from the furface. 

In the following obfervations the interruption of the 
feries from- 24 to 6£ o'clock was owing to an accident 
having befallen one of the thermometers whilft* the 
other was employed in the trials, of which.'an account 
h fubjoined.. 



Thurfday, 
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Thurfday evening, Jan. 13, 

Below o. 
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EXPERIMENT I, 

At half paft one o'clock, when the thermometer 
pointed to - a a , the mow contiguous to the ball was 
blown upon for two minutes by a pair of hand-bellows, 
held with the pipe nearly horizontal, and half a foot 
above the furface of the fnow. The bellows had been 
lying out on the fnow fo coolfrom the time we firft came 
over; and, in order to promote their cooling, they were 
now and then wrought in the open air. Care was alfo 
taken to ftand to leeward of the thermometer, and to ex- 
tend the bellows as far as poffible from the body in the 
time of blowing. We were furprifed to find, however, 
notwithstanding all our precautions, that the thermome- 
ter at the end of the experiment had got up no lefs than 
1 o°, for it now pointed only to - 1 a". In this experi- 
ment the nolle of the bellows was held about fix inches 
fromthe thermometer, but the blaft, though moderate^ 
frequently drifted away the fnow from the ball. 

EXP e'r 1 m e n't 11. 

At half paft two o'clock, a bread-bafket was filled 

with fnow, taken up near the ground at + 1.4 . The 

contents being relatively fo warm, thebalket was placed 

7 to 
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to leeward of the common ftation, and the thermometer 

laid on the furface of this fnow. 

At 3 o'clock in the morning, thermometer "1 , 
on the bafket pointed to ... J 

3t _I 5 

4 •«••••— i oj 

^•i » • • • « ♦ —X© 

5 .,...» — 1 8 

S? * * * * ♦ . — 18 

O • « * ■ • •• """■ I o 

EXPERIMENT III. 

At four O'clock in the morning, when the thermome- 
ter in the bafket had got down to - i6°, a pieceof thia 
fir plank about a foot fquare was laid on the fnow, upon 
which was placed a fmall plate of tin which accidentally 
lay at hand. Upon this was laid one of the thermometers 
which had been hanging in the air. 

At 5 o'clock, therm, on the plate pointed to - 1 6 

St * - * * * * —id 

o . • » . . • ^Io 

At feven this morning Profeflbr Anderson made us a 

vifit, and had the fatisfa&ion of feeing the thermometers 

whilft they indicated fuch an extraordinary degree of 

cold. 
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cold. During the whole time not a cloud was perceiva- 
ble, but there was a faint haze in the air when viewed 
towards the horizon. There was little or no tremor in 
the atmofphere, which made the ftars to mine with a 
full and Heady light like that of the planets. Many of 
the citizens, who had thermometers hung out at their 
windows in different places of the town, found them 
pointing feveral degrees below o at nine o'clock in the 
morning. On the afternoon of this day, being Friday, 
Jan. 14th, the air became much warmer, and the baro- 
meter had now fallen four-tenths. Next day a thaw 
came on, and continued for fome time. 

As the above experiment with the bellows favoured 
fo little the opinion, that the difference of temperature 
was caufed by evaporation, I began to think, that it 
might be owing to a continued defcent of cold air fome- 
where in the neighbourhood, which cooled the fnow by 
fweeping along its furface in fo thin a meet as not to 
affect the air a little higher up. But as this folution of 
the phenomenon was fo arbitrary, and unfupported by 
any fadls, I wifhed for another opportunity of making 
further experiments, and of enquiring into circum- 
ftances ftill more attentively. A good occafion offered 
on Saturday, Jan. 22. The frofl, which before this time 
had again returned, became on this night very keen; 

Vol. LXX. Ppp and 
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and a good deal of the former fnow yet remaining on 
the ground, the following obfervations and experiments* 
were made whilft I was favoured with the company and 
affiftance of Dr. adaIr crawford, who paffed the 
whole of this night at the Obfervatory. 
On Sunday morning, Jan 23, 
i o'clock, therm, on 
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EXPERIMENT IV, 

This night, inftead of blowing on the fnow, we 
fanned it by means of a fheet of brown paper fitted to 
the end of a long flender ftick. This apparatus was 
previoufly cooled by lying on the fnow, and in fanning 
we took care to ftand to leeward of the thermometer. 
The effect was, that the mercury rofe nearly to the fame 
degree given by the thermometer in air at the fame 
time. 



EXPERIMENT V. 

At three quarters paft one o'clock, when the thermo- 
meter on the fnow pointed to + 3% it was fcreened by 
two meets of brown paper fet up on their edges, and fo 
inclined againft one another as to ftand. The paper had 
been previoufly cooled by lying on the fiioW. At a 
quarter paft two o'clock the thermometer thus iheltered 
pointed to +9 . This experiment was afterwards re- 
peated with the fame event. 

P p p a ex- 
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EXPERIMENT VI. 

We next went up to the leads of the Eaft wing of the 
Obfervatory. Here we hung a thermometer to the hook 
of a long pole, and raifed it in the air about twenty-four 
feet from the ground, and at the fame time inclined the 
pole over the balluftrade,fo as to put the inftrument fully 
to windward of the houfe. 

Upon fuddenly lowering the pole, after half an hour, 
and examining the thermometer, the air at that eleva- 
tion was found to be pretty conftantly 4 warmer than 
at the ftation below. 



EXPERIMENT VII. 

The refult of this trial appeared more remarkable 
than any thing which had hitherto occurred. We 
lowered the pole till the thermometer was brought down 
within half a foot of the balluftrade, but keeping it ftill 
a few inches to windward of the building, and by this 
means it was found that the air here was never colder 
than + to . Upon the balluftrade there happened to be 
1 feveral 
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feveral detached bodies which had attracted a very thick 
hoar-froft. When the thermometer was taken off the 
hook of the pole, and laid on this hoar-froft, there was 
always a remarkable fall of the mercury, not lefs than 
6*. Both Dr. crawkord and I were much ftruck with 
this fa&, and attended to it very carefully. 

In rranflating the inftrument from the pole to the 
balluftrade, it was commonly laid on fome hoar-froft 
three quarters of an inch deep, which had fettled on a 
piece of thin board which had been for years expofed to 
the weather. Some fragments of the hoar-froft were 
alfo made to touch the upper part of the ball j which was 
done by pufhing them on with a long frozen ftraw. 



EXPERIMENT VIII. 

When the thermometer taken from the pole as m 
laft experiment was laid on pieces of ftone, from which 
the hoar-froft had been brufhed away for fome time be- 
fore, the mercury funk but very little by fuch a change 
of fituation. 

Next night, being that of Sunday Jan. 23. the ther- 
mometers were placed in their former ftation below, 
when at 

9 o'clock 
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9 o'clock at night, therm. "I Therm 

on mow pointed on J 



air to 



. in| 

' J 



+ 9 



9t • +5 


• 


+ 8 


10 . , +6 


• 


+ 8 


IOy . . +6 


* 


+ 10 


11 +6 


• 


+ 9 


ii| • . +5 


p 


+ 8 


12 + 5 


« 


+ 8 


i*| . . +4 


• 


+ 7 


1 o'clock Monday morning +4 


• 


+ 8 


i| . +4 


• 


+ 8 



From thefe obfervations it appears, that the cold now 
was very moderate when compared to that of the 14th, 
and fomewhat more moderate than that of the preceding 
night. Experiment 7 th was again repeated with a fimi- 
lar remit, though the difference of temperature was not 
now fo great. 

This night I made another experiment with a view to 
the evaporation, not fo liable to objections as thofe of the 
bellows and the fan. This mail now be defcribed. 

EXPERIMENT IX. 



When the thermometer in air at the lower ftation 
had contracted a confiderable film of frozen matter all 

over 
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over the ball, it was fwung round at the end of a pack- 
thread, about a yard and a half long. Upon flopping the 
motion at the expiration of two minutes, and making 
the fervant who waited approach quickly with a lighted 
candle, I found the mercury had got up 2 . In this ex- 
periment, which was repeated four times with the fame 
refult, care was always taken to keep the inftrument to 
windward of our bodies, and of the lighted candle* 

This night the thermometer, when put under the 
fnow clofe to the ground, pointed to + 1 8 d . Both now 
and on the preceding night there were no cloxids, though 
the air, as on the 14th, was a little thick towards the 
horizon, and there was always a very perceptible and 
conftant motion of it from Eaft to Weft. On this and 
the preceding night the Moon, a little paft the full, fhone 
very bright, and the mercury was ftationary at 30 inches. 

On Sunday, Feb. 7 3. we had a flight froft accompa- 
nied with a thick fog. This occafioned a vaft fettling of 
hoar-froft upon the fmall branches and twigs of trees, 
and upon all thin and detached bodies expofed to the 
open air. The weather continued much in this ftate on 
Monday, when, at ten o'clock forenoon, I repeated the 
feventh experiment on the balluftrade, bat now found 
no difference whatever in the temperature of the hoar- 
froft and the air in its neighbourhood. The thermome- 
3 te * 
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ter in both cafes pointed to + 22°, About 1 1 o'clock the 
fun-fliine broke through the fog, when the temperature 
of the hoar-froft was as quickly affected as that of the 
air; The air on this day was quite ftill, and equally cold 
both at the upper and under ftations, It may alfo be 
here obferved, that no fnow lay on the ground. The 
ninth experiment was alfo repeated, but the thermome- 
ter was not now in the leaft aiTected by fwinging it 
round* Neither on this occafion, nor when the experi- 
ment was firft made, did any of the frozen matter ap- 
pear to have parted from the ball. 

If we confider the excefs of cold in the fnow which 
Dr. Irvine and I firft obferved as a phenomenon of the 
fame kind with that defcribed in the feventh experi- 
ment, and proceeding from the fame caufe, it is mani- 
feft that neither the one nor the other can be accounted 
for by any previous cold ftate of the air, according to an 
hypothefis alluded to in the beginning of this letter: for 
in the feventh experiment the air at the balluftrade was 
never colder than + 19% and yet the hoar-froft there was 
at the fame time found in feveral inftances as cold as 
+ a°. That both thefe phenomena are of the fame kind 
appears extremely probable from this confideration, 
namely, that when the fnow upon the fields was atten- 
tively examined, the furface was found quite covered 

over 
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ever with the fame fort of hoar-froft which was attached 
to other bodies which had been long expofed. 

The two following experiments afford fome grounds 
for believing that no kind of evaporation was going on 
at the time the remarkable excefs of cold in the fnow 
and hoar-froft was obferved^ 

EXPERIMENT X. 

On Sunday morning, Jan. 23. before one o'clock, Dr. 
Crawford and I repeated the experiment with the me- 
tal fpeculum which was tried here in 1768. A large 
fpare metal of a two-foot telefcope was laid out to cool, 
after which a film of ice was imparted to its polifhed 
furface by breathing on it four or five times. It was 
then expofed as before, and in half an hour the whole 
film difappeared in the way of evaporation. But when 
the experiment was again repeated, and a thicker film 
imparted, fome of this, towards the middle of the fpecu- 
lum, remained fixed, and would not go off after long ex- 
pofure. The fpeculum was next warmed, and its po- 
lifhed furface made quite clean, and then laid out for two 
hours and a half. Before the expiration of this time it 
began to draw frozen matter from the air, which fettled 
all over the polifhed furface in long parallel lines which 

Vol, LXX. Qqq gradually 
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gradually multiplied, till at length it was moftly covered 

with a thin film refembling a fpider's web. 

The evaporation fhewn in the firfk part of this experi- 
ment was probably owing to the fpeculum not having been 
fufliciently cooled when the film was firft communicated 
to it from the lungs, and to its being further heated by 
that very operation. In the fecond part of the experi- 
ment the evaporation feems to have flopped when the 
heat in the metal which favoured the procefs was ex- 
haufted ; that is, when the fpeculum had arrived at the 
temperature of the ambient air, for after that no heat 
could pafs from the metal in order to contribute to the 
evaporation. But from the laft part of the experiment, 
the true difpofition of the air at that time, relative to 
bodies as cold or colder than itfelf, feems to be deter- 
mined, namely, that of giving out or depofiting hoar- 
froft. 

EXPERIMENT XI. 

On Sunday night, January 23, feveral things were 
laid out at the Obfervatory, fuch as flieets of brown 
paper, pieces of boards, plates of metal, glafles of 
feveral kinds, 8cc. which all began to contract hoar- 
froft feemingly as foon as each body had time to cool 
J down 
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down to the temperature of the air. The meets of 
brown paper being fo thin acquired it fooneft, and when 
heheld in. candle-light they became beautifully fpangled 
over by innumerable reflections from the fmall cryftals 
of hoar-froft which had parted from the air. 

Evident fymptoms of the fame tendency of the air to 
depofit occurred on all the former nights of obferving, 
by which the tubes of the thermometers were fo much 
ftained, that it required fome attention to keep that part 
which correfponded to the fcale quite clear. 

Thefe experiments indeed rather favour the opinion 
of the excefs of cold at prefent treated of depending 
upon a principle the very reverfe of evaporation. But 
till opportunities offer in this or in a colder climate of 
making more experiments, it will be too early to fay 
any thing decifive concerning the nature or extent of a 
cooling process which has fo recently come under 
obfervation. All that can at prefent be affirmed is, that 
in certain circumftances fuch a procefs goes on, and that 
it depends probably upon principles different from eva- 
poration or chymical folution. At the fame time fome 
of the experiments fhew that a free communication be- 
twixt the hoar-froft and external air, perhaps whilft in 
motion, is neceffary ; but in what manner this promotes 
the refrigeration doth not as yet appear. 

Q q q a Thofe 
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Thofe gentlemen whofe opportunities have led them 
to know how far the philofophy of heat hath, of late 
times, been extended by the great difcoveries of Dr. 
black, Dr. irvine, and Dr. crawford, will be moft 
interefted in the views- which offer from the foregoing 
experiments. If at firft light there appears any thing ad- 
verfe to certain general principles already eftablifhed, 
yet we may reft fatisfied that this is but in appearance 
only; as the perfect method of induction, purfued by 
thefe philofophers, leaves no room to apprehend that 
any future difcovery will militate againft their conclu- 
fions. In the further profecution of this fubject, and in 
whatever way it may be cleared up, it is probable, that 
we fhall meet with a fine inftanee of the congruity of 
nature in all her operations, and of the liability of thofe 
general laws, which have been derived from a cautious 
obfervance of the rules of the experimental philofophy. 

lam, 8cc. 

The following obfervations which relate to the difpo* 
iition of the air in giving out hoar-froft may be here 
fubjoined. 

It would be going too far were we to conclude from 
the experiments related above, " that very cold air is 

" never 
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w never difpofed to depofit its contents except upon bo- 
** dies as cold or colder than itfelF." And yet that this is 
frequently the cafe feems probable from a number of 
common appearances. We often find, after a night of 
froft, the flates and other thinner parts about a houfe 
whitened with hoar-froft, when the walls and more folid 
parts of the building remain quite free. In like man- 
ner the fmaller branches and twigs of trees often acquire 
this frozen ornament, when the main branches and 
trunk remain naked for a long time; and, in general, 
any thin or detached body, capable of being eafity 
cooled, attach hoar-froft the fooneft. 

In favour of this general pbfition, the following re- 
markable cafe lately occurred, which at? the time I 
ihewed to Dr. reid> in confequence of whofe approba- 4 
tion I am induced at prefent to bring it into view. 

Between the public library and the buildings of the 
new court there is a long rail compofed of bars of Gaft 
iron, but divided into two parts by two maffy ftone pit* 
lars which fupport the iron gate- way that leads intoithe 
garden. The bars are about fix feet high and an inch 
fquare* and fattened with lead into a ftone parapet below 
in the ufual way. A few bars much larger are fetin 
among the reft at regular diftances, in order to give the 
rail more liability. On Sunday morning, Feb. 1 3, when 

we 
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we had the (light froft accompanied with a fog, it wa* 
entertaining to obferve how the hoar-froft had fettled 
during the night upon thefe bars. Very little was to be 
feen upon the flat fides, but a great deal upon the an- 
gles, by which means from the top downward every 
bar was garnifhed with four fringes, which made the 
whole rail look very gay and ornamental. Running the 
eye along the foot of the bars near to the parapet it was 
obferved, that the fringe of hoar-froft upon the corners 
flopped fhort about twelve inches from the bottom, and 
that fo much of every bar was entirely free. Two bars 
next the houfe and two next the library were likewife 
perfectly clear of it from top to bottom. One bar next 
the pillar of the gate was quite free, and the. fecond had 
contracted but little. The fame thing precifely may be 
faid of the two bars contiguous to the other pillar. And 
it was alfo obferved, that the few thicker and ftronger 
bars were lefs fringed at the corners* and were quite free 
much farther above the parapet than the others. 

It is manifeft, that during the night the air furround* 
ing the bars muft have been conftantly endeavouring to 
make them as coldasitfelf, whilftthey y on the other hand, 
refilled this change by drawing heat from every neigh- 
bouring fource which offered it, namely, from the para- 
pet, from the pillars in the middle, and from the pillars 

at 



extraordinary Degree of Gold at Glafgow. 473 
at both ends immediately adjoining to the library, and 
to the houfe in the new court: for thefe bodies from 
their great bulk muft have been but very little cooled in 
the courfe of the night. Wherever the air feerns to 
have got the better in this ftruggle, as at the angles of 
the bars, which evidently muft be the parts the fooneft 
cooled, there we find that the hoar-froft was depofited r 
but no where elfe. 

Several other inftances were found quite of the fame 
kind with that of the rail. Among the reft, a figure of an 
unicorn in ftone, which ftands within the college, had 
refifted the attacks of the air all to the tip of his horn, 
which accordingly was the only part diftinguifhed by a 
patch of hoar-froft. Befides this kind of hoar-froft 
which joined itfelf to bodies by a regular arrangement,, 
there was fome of a different fort found upon the-upper- 
moft furface of fuch bodies as were fully expofed to the 
open air. But this always lay fcattered like very thin 
flakes of meal, or hair-powder, and was found to proceed 
from minute parts, moftly columnar, previously formed 
in the air, falling down by their own gravity. 
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